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PROBLEM TO BE SOLVED: To materialize a low drive voltage despite of a work 
function of a negative electrode material by setting an organic metal complex 
compound to a component of an organic layer and by constituting a negative 
electrode of a metal which can reduce a metal ion contained in the complex 
compound to a metal under vacuum. 

SOLUTION: An organic metal complex compound used for an organic layer 
contains, at least, one of an alkali metal ion, an alkaline earth metal ion, a 
rare earth metal ion. Either of Al, Zr, Ti, Y, Sc, and Si is preferable for a 
metal used for the negative electrode and a single metal or an alloy 
containing a plurality of types may be contained therein. A metal of the 
organic metal complex is isolated by using a reducing force of such metals 
under vacuum and the organic compound is reduced by its free metal so that an 
electron injection barrier can be miniaturized and consequently the drive 
voltage can be reduced. 
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i. i£ft«ffitcftTr*w«B4«:?pr-s?r®xui>r o 

©;!•'£< 4 4, ] »*SWT4W^IBlg*(:(f^l}S«:j: ») 
[ Ib*S 2 ] sb*M 1 s6$W>W®i UHDJM* , 

ti. v. sc. sic^m^-c-^swiaxui; hn*u. 

? -fe > r SR^ . 

ti. y, sc, sio-jfei su±*s»r-s-&fe-c*.&Tg- 

[000 1 ] 
[0002] 

©iSSteSft©**, imai£tt©.Sfc£WWk&«i 

AtiTitsctr, iov «T©En>io^i£r-iococci.'i>r 
4*eua*<a$ i %©.*fflfktc+^^is®js, 

fi?-£C 4tCjjJI*Jt,A; (Appl. Phys. Lett., 51, 913 (1 
967). > „ COiS^jg-rtCfct^r. Tanqfet*S*fl!j(C 
.tt®^4*^3^-S > W^k&1»tC^L,-C, fflggtS*6 

*f *aA-y 5 r«ccBae4 a s x * >v *"-isgas jst s 
[0 00 3] CiSREnsims;#tt©^i— 7- or 5 1 

a^«^i«S8iSfe, ii?S^S.«.'9p-ZC-15 , p. 1127) 

ai 17)1>i-^a) t ii&\:T$>*iic£ *) $ an 
S4L'Cffl(, i 4C4tcj:D. WoS-^iffl^fcJK^- J; 0 © 


< 2 > # M¥ 1 1-233262 

2 

W*6tiW^fk&«ia±tC 'J ?^A5:#tt-C-lt)AflJ^tC 

(IEEE Trans, electron Devices., 40, 1342 {199 
3)). 

[0 00 4] £jfiT?liUNIAX t±©Pei * 'J 

^iJBSJjj^TT^'-S (Science, 269, 1086 (1995) ) „ C 

10 *o?sis-ti-, r^fi!4fsfe J1 5f?5cc^n-e'nLi-<*>4*f^ 

*^*»Tf*tf4c:4*CJ:«?SffijSf«©* 'J 
in situ rK-t>mtOT*4, C©*g& Pgft 
jfif*©* y - (*^fit^tt < r :r - ) r - > O r 

& Lite J: -7 r Si 3 ft V-ii >\, 7 - * >tts§-c??tt!r 

^° <t'JSK>'Cffi< -S (Science, 269, 10S5 (1995) 
>. <*6ic, «3S-CW*|fe^tf6t*'J ^Afr4©7 

20 K-f>fr4C4tcj:9. .!ES*«E4«T3i*'5C4 
<<cmt)Ltc (SID97DIGEST-P775) 0 C 

nwsgics-ri.wiaB*fi/s k- t-> j: o 

7 ~ * ^4*BS 4 L, , K6i^ p>©«^ ftAFglg* *«I(C 
<5T3-tiA:fc*4^«. ^n^o 

[0 005 ] L*'L,^*«^. Mq^LiW^SffitCiJL.r 

ttSSB to I » T 3HJHl££ W •£ . *|6^S 6© ~ 
30 t'^^. (IEEE Trans. Electron Devices., 40, 1342(19 

w)) . ts»rwL,ioASffi©Li©^si«K®$ijffln*$H 
* tog imu u x mftic r s -a- s i n si tu 

K-t>^rtJ, Km.LtC'<*^<Dm l &i£8}ZX<Dft 
[0006] 

40 [^©aatjj t«±©^«cffi*T:«snfc 
4>©r*t) , -e©B«i*fas*^reiiJa*i4T?raai*6 
s-tsf k^-ijja^©^^! fc w -s. x * ji- ^-1^ g^g 

T<? 1*4 C 4 K J; 0 , KgjMt4©*±*IWii(CBg^%-riS 
«BS!lSffi&^-r4C4-CA.£. <> *^©flfe©gB^l 

AcSfflCC-$€«ti&JS«:lifiSM.t44 Ut^ttTTfli, 

r-t. ±^©&&*sffi<tL.-cffli-A:ia^4rate. So 
< i**nw±©#tt£iss? l. -5 4^ zmmrze 4 r- 

50 [0 00 7] 
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3 

T5?HaS44S**WftELSW-K:fcl>T:. ±KW© 

±sg&@ *>©*&• < 4 fe i &wf5£Bf& 

fee (C@S u -5 &£B*> 6 4 C 4 4 L r 
*-<,*. Al , 2r. Ti, Y . 5c, Si&4'#W* K,>. f*f£ 

zr. tv r, sc. sifef©4@©^^0D— 

«SifeB**wk&ia+fl>^is^*>**g(cS7c-r4c4 
[0 00 8] -mktju* yap, 

SKM'T, !S|8*j5£ST&.S, Al. 5i, Zr3TC-€©ffc 
^t3J4S7ct?*^C 4#5 £ D6ntrt,^. feiiHt. Kfk 

^AjWMII, Ut¥Wi. Itffifk^Wl, P3<59> . K(k 
jL-t^A (4B®R, P83) ^RftxhD>?0A 
(SBffiK, P89) 4>7^5--?A<CJ:-,TS7E3n 
AB-rt'ti^A^ftJl* h AjWBBt-r.se 4^ 

[ 0 0 0 9 3 LfflifcWSSRggcDftgii, 
it)" torry.Toaa*-cif ton. Ste±(C«®gi, 

ftgit^, 7**'j±iBS)§(k-&*). m±m&m\t^ 

fo±<c\ Al, Si. ?r^©^s7tt±^wrifts^m^ 
♦J£Bfk£-«»;9>£>, ftP£@;^, gKISti-SCiAiiJjfe 

r-**., e©e. ft^te^w^jsit^ t^Bts^) 

o , fk^taedi i o o Alarms s r^ncr. aat . 
ftBt«$M-r^*fefk-&ia8(cfffflL. -ew^'gTctt 

©»ftffc#«rc**«£«. *WiS(,>S^1±o>4SK^|fe 

fBSSW, S<r2 0A^|Bef** (IEEE Trans. Elec 
tron tevices, 44, 1245 (1997) ) , 
[001 1 ] W±w£t#cK#r<f Sftfcfe s 


O 1 1-2 33 262 

4 

©rag, rju*';^g/t^, r^*'j±«:feB(k^ 

*l. *±**Bft-&«!«r«eifk^»I'C«<f < wflt^S*! 
#4-T*C 4t-.l26®j££®T<*l*. b^feAdfm^ 
tt*'fS*c:4*i-C&*. *fc, W&£S£t#l*££!ifr£ 
14 i 1 4 jMWr S C 4 T\ S ^laiStt^*- JHa«t4tt 4 

©* + yrfcT«tt*fit^stf4c4Aisiisfe-c*f). «ts 
f k sijs (c te w 4 tg-s- 4 tm l- r * n a ft wsgj*© hub £ 

[0012] miewJ: ^<e. e&tcer-SW 

SfeB-/ * >. #±3gftB -f * >a>;P'j. < 4 i {$&^ 
W-riwa&Bttfltfk^tS^feliflJtL.. KEftttMtor 
w^g©#j35f«4r-$»4«^enf*fk^tcg * n-s 

W^<k-o' : te5:S5E-riC4icj: »j , S+ffiAFSS^^S 
<t. «Btt«E*«T3tf4i:4K:i*i3l)Ofc€,o-c*. 

cctei, »-cBffiifeBK ie-r 4 w^a ic$m s n 
20 *»ftt&BSSf*4orii. ss^^^i^-cr**^ 
B^+>, T^*'j±«fiB-<*>. *±aftB-<*> 

Jl-. t KP + ^^T'J t KD* 
+ ^>V'h l j7V'-Jk tKD + V?Jl,i<7>. ft* 

>a. fc<tw'-en6©niasf*tt4-*!i5*oi'*v en^ 

[0013] 

©-^*s*js*iR-ria5)ag-c*.s. ^v^s^t s^s 

15) l±Kli. IIBCC, fae<SS5:^B£f 4iS^^fi!2, 

fcJ,'JJ ( F*1S4^4|!rB^gi6«rfHaL--C^Tr<,»4 <> C 
10 n*>©SS (B> ©-5 6. *7^Stg (jg^SR) 1, 
ifSBfl?S}£2. iEtL*fij£H3. *jJ:y*7tH4 

A:^i»*wr-s4><^-c*>4. w^ELS^mrtcBq^jKa 

1iB3£4 0Tt*. C©te, T#S/ISifcB/W«H/Kffi, 

JE?LS4i£H/«7tH/W«a/F#1S. FBS/iEfLftAa 
0 4*^W'P>n4^, *^?fl(J:j:4W<SEL^ta:. WIS 
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S 5 SrRSffiise! 6©tW©a*^-tott ^*^C0HtBg<J> 

[0014] ±iawtaa t,'*»tf.5»i8* 

[ooi6] mats, m+m&mtbzmmvs 
itsaiL,™. *j(crejE«<tt,,#. 

>7 ^ 1 ' 7 i"©.*l5ft^«jis«fco-^n^©«ti9 

•etl*><Z>afi»|**> 0 y&tis-bji, ^'JU>. 

£o-n- 'J ^ij;^ ^n^'Jy 

*4i«:W«Ci*r*4, *5K)ll3S3-295695 

*'"^7K S-* !J y 7 I- 'J ? 9 

[0017] 4*M¥5-202011%£tt. 4*M-SP 7-179394^- 
£*B. *$Bf!¥7-27S124^£&, ftffi? 7-228579# £8|CC 

Ba^3nri>4^*-y^7v-^a. 7-157473^ 

fctBtcBIs* 3 n-C i -5, x ? a>^ >|jfi»f* te J: o'^ x * 'J 
^ 7 'J - U ^¥&-1320fi0^i!:«fi^Hj^i6- 

S5072 ^tR^esssnr <<>•£. x? y 50 


10 


20 


30 


40 


1 1 -23 3 26 2 
6 

*-10O857^^I-f>^B,W6-2O717O#^$8(CBg^ g ft T t, • 

[00 18] <?<=>fc:, ^>V^ + tJ-v_;Ujfe, 
ttffl-C*. fitt«T, »KJB2 59-194393 ^ftKRiSSh 

ro4«,©^{fe>n&. *©«*pii4orii. 2,5-t 

X (5,7-^-t- ^>?Jl,-2-^>V* + -9-V >)>\,) 
4- 4,4'- (5,7-t--^>^;l--2- 

'/ttf"/(IJH Xf^>, 4,4'- tX [5,7-i>. 

(2-^*jU-2- r?;L.) -2- ^>v**-Vy >),{,) A? 

( 5.7-^-t- -:>?=^- 2 _ + 
U-VyjL.) >, 2,5.fX [5- (a, a- 

^>»>;U) -2-^>V*+^/iJ;l,] ? + ^ j; > i 2,5 
-tX [5,7-V- (2->?;U_2_ r^jL-) _2_^>v^-' 

-3,4- 2,5-tX 
(5-^<^^-2- ^>-J**y-y>))l> ?zlf7^ 4,4. 

-2- (2- [4- ( 5 -j<*4-2- ^>V^*t»-V r '^l,) 7l 

>)-t^>v?r v" -*«c £-©^ ^ v ? 7 •/- ^ 

2- (2- [4- (2-^>yV S y/'J;L-) t - ' 

[00 19] i^X? UJU^^-fer>^ft^«i4 l.-c«, ^ 
AS;r»Wmt^0373582 ^WfflStCgBiS 3ftU>4{,© 

t»'4ci«i??s, -€©f(;*«iL.r!*, i,4-tx 

^>-b>, 1,4-t^ <4-^^^x^ >J;U) -<> 
-b'^. y^f 1,4-t'^ (2-x*^^^iJ 

)l) 1,4-t'X (3-i?jU?U)H -<>-tr 

>. 1,4-t'X (2-^ ^^L-^^y ;L,> _ 2 _ j<^jt,^>^- 
>. 1,4-t'X (2-j«*Jl-^^i;;l,) -j-t^K/f/ 

[0 02 0] * 2fe, WHTJ-25279Hia«KBIIS*#ir 

uxmi>i>c±frv&2>, -tW*(?iliorii. 2,5-t- 

X (4-J<^^^^'JJl,) f7Vy, 2,5-b'X (4-xVjU 
A?*)>1) f 7 ^>, [2-<1-^7?jU) t'^ 

JL-] t'7i>>. 2,5-b'X (4-j< F*>^9=-ij;l,) 
>. 2,5-t'X [2- <4-f7^-;l.) fijU] b*-5^>, 
2,5-trx d-t'L-^H f-;H f7i>>gai* 

[0 02 1 ] -eoflb, »M4$^38876S^q9fflS^#i8 
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t :7 * — L->^> 9 1 >J T '< >, l,4-p-^U7 L>>V 
J<?<)T j > 9,10-7> h 7-fe^W JU£>><* ijf r 
>■ 4,4'- (2,2- ~V-t- 7'?;U7x-*t'ijU) tT"7 j; 

*. ©83*6-279322^2^8. ©83*6-279323^£*8l,:BS 

'nsn-ci,^ : *irsfex? 'j^Kt^te. ©Ba*e-io7S48«f - 

£^©83*6-92947 ^£$(C 83* 3 ttr t, > £ * * i> 

r v-jusisf*. ©B3*6-20686^siBccBa^3 nri* 

fttl'S + t^^W H!f«f*, ©88*4-96990 ^2«fi(C 

BB^n^nn^?- h -57 * -;ua$i>i>ft-&!|3j. ©83 

*J-296595^a^(CBB*S^rt,^W^HWSfe{b^, 

3 ©ffl*2-i9i694^£r«fitc|ig^3nr(,»4^v 

>JU>£$$ft. f*BB*2-2557S9^-tC5Bfit3nrC'6^'7 
* L- >af«<*. ©BB*2-2S9676^£tf©8B*2-8S6S9 ^ 2i 
£;$Btt:B3,T;3ftTl.'&7 5n^ ij y ^gfiSfli, ©R3*2- 
250292^i:«(CP^3n-CC'-5X 9^ 'J ^7 S 

3 h r t, & *n © 4> © * sirffl t, >z> c i r- * h . 

[ I) 0 2 2 ] EtUiAH. E?LtsM£g. Ift*aaStt#6* 

Hi urftffl3n&r >; -at s. >ibs<tomi. ox\t. 

mm^ltf^^K ©93* 6-25659 ^f£«fi, ©09*6-20 
396J*f£ffi, «5S*6-215S74^&«. ©Ba*7-145U6^- 

©B8*7-224012^£$H, ©83* 7-157473^1 £#, 
©l?S*8-48656 ^<2r«, ©BS*7-126226#&*. ©83* 30 
7-188130*»£$H. ©83*8-40995 ^£*B, ©83*8-4099 

6 ^2*, ©M*S-40997 4f&t£, 4*88* 7-12622 5%£r 
«S. ©83*7-101911^^8. ©83*7-97355 ^i^BtCBS 

t*. N,N,M',N'-? h 77 x z. >\, -4 1 4< ->J,y 5/7,- 

N,N'- x — Jl/-N,N'-V ( 3-> ?JL<7 jii) . 
4,4'-i>7 5 7t7«;A, 2,2-fX <4-^-p- h 

7 5 * — ^> 7'DKl; N,N,N',N'-f fj-p- F 'J 

H^-^^^ii*, t x u-i>-p- mjjut 

5 7 x-;L.^ : S> i N,N'- '^li^-n, 40 

M'-i> (^h+'/7j;i) _4,4'-^r J 

Jk N.N.N'.N'-tH 77iiJM,4'-yT57y7ii 

^X-?;U, 4 r 4>_ fcx (^7*^475/) 

<)7 4-N,K--V7j-A7 

b '*' ^>-b'>, 3-^ ht'/-i'-i(,N.i>7»;Ar 5 

/X^,il^>-fe->, n-7 * ijU^^y<v-;l,, l,i-k"X 

(4 - i^-p- l- 'J7 s. yy - -50, 

1,1-fX 'J7 5 / J -4- 7i-A 

~>^n^ + f^. ex (4-^?Jl.7S^-2- ^^7 
*~>l) - 7i;(MJ>. M,N,l*-h 'J (p-f- IJ^U) 7 5 0 


^ ©83* 1 1-2 3 3 26 2 
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4- (^_p- -4'- (4 (v-p- ^ 

Jk7S/> A? <)>{,] X?.il^>, N,U,U\N'-9- h 77 
xijU-4 r 4'-^7i ^- f 7 ^llN-Jx^i^^c/ 
4,4'- [»- (l-t7?Jl) -1*. 7*-.iU- 7 

5^] f?^*, 4,4' '-M [M- ( 1-77 -N- 

(2-^-7 -N- 7ii*. 75^] b'7j;ii, 4, 

4 1 - tTX [n- (3-T-fet7f;il.) -M- 7xiJk 7,' 
/] t7^ijL.. 1,5-b'X [N- (l-t7f)l,) -M-7* 
0 7S.S) -t-7*>\s^. 4,4'- tTX [M- (9-7>h 

'J^) -N- 7*i;l- 7;V] t7«^, 4,4"-tX 

In- (l-T>^ 'J ju ) -i*- 7*^jl._ 7:/] p-s-7 
*-;u, 4,4-- tr^ [m- <2-7^7-> y > -n--p x 

~>l- TS.S] tf7*ZLjl. 4,4'- fx [M- (8-7JU* 
^^^-JU) -[*- 7^^- 75/J W^i. 4,4' 

- fX [ft- (2-t L--)H -N- 7 li*. 7 ! ^] t - 7 

[M- <2-^'j L-iA) + 7iiA 

- 7 S ✓ ] fc"7 siA, 4,4'-f X [M- (1-204; 
JL-> -M- 7*^^- 7<y] t'7»^^, 2,6-fX (V 

) -p- h >))17$ S) 7-7i?U>, 2,6-f A [V- (1-7- 

7?a>) r;^]t7j^, 2,6-fx [ m- (i-t 7 ? 

JU > _f*_ (:-+7H)7J/]t7J| />i 4.4- '-t 
A (KI,N-i> (2-+7?jU) 7SX] ^-7xi;U. 4,4' 

- fx {i*-7s^;U- N - (4- d-7-7 7s;A] 
7S^j t"7*^;l., 4,4'- t'X [N-7 *^jl<-»- (2- 
fb^JL.) - 75/] t7 1 ;il,, 2,6-fX [N,N-i> 

(2-t7f;K 7J/] 7j^l->. 4,4"- fX (N, 
N-f-p- h'JA75^) Jl-7!^. tX (N-l-7-7 
^U) (M-2-+7?;L-) 7 5>%i-*i*S <> 36iC, Sf 

[0 02 3] 3-o(C, JEfLSAS, EtUSiSS. iE?LfS 

7 * - ^ f - L- ^^-ewiSsSf*^ £<7><,'fc<*£ ^ 
*f*#y-?-. sK'J (M-f ~>\,li>[,s^/-,i) tcft*3 

[0 02 4 ] ITO SS±K«?fl»if SE?U3Affli 
!i. ©tcre^tt/H^s, SI 7 £D->7 7 
^o>7->iSlfcJ:o'flR i SIB7^p^7^>® 

3 Sic. frie<^7 'J-A7 5 >«(C8i(kS"l£ o 
JEfLftASi LTffl^-5C£4>r «(^. 

f 0 0 2 5 ] [^sa«] luncmmmimixxmi'!: 

ttS(vR:-4ooS^3fi#la4ffifflcfc. K©o>iS'J?g«XD 
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